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Abstract of JP20001 011 39 
PROBLEM TO BE SOLVED: To separate easily 
a sapphire substrate with good reproducibility 
and to improve the heat dissipation property and 
leakage withstand voltage property of a 
semiconductor light-emitting element, by a 
method wherein a first electrode is provided on 
the end on one side of the ends of a laminated 
material formed by laminating a plurality of layers 
consisting of a nitride semiconductor layer, a 
second electrode is provided on the other end of 
the laminated material, and the thickness of the 
laminated material is specified. SOLUTION: An 
N<type GaN layer 15 is crystal-grown on a 
sapphire substrate via a lift-off layer by a hydride 
VPE method. The sapphire substrate is 
separated from the part of the lift-off layer to use 
the layer 1 5 as a substrate, and layers 24 to 30 
are grown by an MOCVD method. Moreover, a 
ridge structure constituted using the current 
constricting layer 29 is formed by a 
photolithography technique using a 
photosensitive resist and a dry etching using 
reactive chlorine ions. The sapphire substrate 
can be separated, the mirror surface end surface 
of a laser can be stably formed and the oscillation 
characteristics of the laser can be improved. 
Moreover, by forming the thickness of the part of 
a semiconductor light-emitting element in a 
thickness of 20 &mu m or thinner, the 
luminescent points of the element and an 
element adjacent to the element come close to 
each other, the element is easily excited by light 
from an active layer of the element adjacent to 
the element and the luminous efficiency of the 
element is enhanced. 
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mtmmi^<^-^i'zm'r(^titim i commt . 
mmmw<r>imizmfi^fif'i-^ 2 (^mmt . 

co\,^-ftL^}^t Btfie t - h y ^ ix/tmiE^at 

ms^ 1 <^Ji<^±tcM'ft;%^^f*j*^'c>^sm2<oJi^ 
mmm<7)mm*^ h v-^it^w^ lt lyiBH 1 <r>m\z 

©iR $ -ti: !> c: t <fc D Huf E« ^ i: mif BIS 2 i: Sr 
■rSXSi: . 

[000 1 ] 

^(7^mm-:fimm/iz^mi>^^^mmii,zm-th. io^i* 



x/^<omkiji^t/i<z^i^^mm.i>zm-t h . 

[0002] 

X^Satl^t'$^S'i=5:^^St«y-f^-K 
(LED) ^^f!lsU-if^i:<7)ii^«!^^^*ifiJffl 

I. T'S) ^ ^ i: -5. «^^JS3t -r" -f X ^ IBII^<7)fi5 

[0003] 3^#(i5!^fe4^f*:l/— rA^'fflV^ 4>iX7: fc 

•9 . ^fitx<r)^^^\^mwi^-^'<z]t^mmjs.tim±. 

Lfz. Z.<D^^^<D^mW\y-^'.i. I nGaA 1 P^^O 
«fJt$-fflV%7t 6 0 0 n m^X<r>mtn=FXh "9 . -f 

[0004] L*»L, CcOW^^tCiS^O^ftU 

m¥exm<^\SMifimmx\ mwm.K.ifm^ ^tc ^nnm^j: 

4 6 0 n m^T-fc "9 . i^>5.xA*»^>g*$*xS 4 2 0' 
[0005] --}iX\ $ <i>>5rSiBIM««Ol6l±Sr@}tL 

1 1 -V I Sr ffl V ^tz^mw \y -mimmim-m& 

t*^t=5r*^'^>, ^c7)filH4{ii 0 0B#ra^ 
t:: 'J 5 -7 h § ixi. ^ i: llffl-fk^<^I^M(i^ < . Si ^c^lS 
jSft2:4 8 0nmiaTi;-rS>Ii:tfflli'CS>l.=6rfc'. 

[0 00 6] C:ix(cMtT, GaN (M'fb:*'U'>A) S: 
-^tfS^bil^ai^^^tt:^— f »i> lSaWlC»i:3 5 0 n 

-Tt,X(nWl^^^if^^X'1b 0,400 n mfO^^iJ) 

[000 7] ttn. im^zi~.\yx ^m.\m^^^\ t 
y^i, o^z^i ) ^^•(k^silT'^^iiSin-v]^ 
tDi.T ^fltS (As) ^ri: 5r-^«-rSMat 

[0008] 

[0009] -r^*)*>, g-fkiHiim^SttJSrfflv^/ctJe^co 
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[00 113 S^c7)St^Sr[^±$-ti-^:^ca6tc 
yyA T<7)|S(l^^^^5!,^<gv^;t46^^+^^^S^$:5i»■rS 

[00 1 23 b-hv'y:?'i:fiLTV^^v^ifllc{i 
[00 1 33 ^'ofc, -9-7r'fr^**OV^TV^|)|5R0 

[00 1 43 i^c. pfflliSlii: nffl!]mSsi:60rBl<^3^M^ 

[00 1 53 -:^, HCl k^m.) L-Tffl 

H'fi:^«i«^.(H-cvES)tcJ:0, a 

»-r W i; T v> |> , 
[00 1 63 iTt. CltO^tC, 5^-C'«F;r6^tc-7X^2r 

[ 0 0 1 7 3 ±xEt^cJ; d^a^<7)raS$:)S{tl> 
•9-7r-f-\'»K±i-GaN?:l 0 0/xmgJgfg 

[00 183 *3%Bj{if^-g>a^<^ras^i=;^^^'c^$ii 



[00193 

^^i}i^{!t:;i$:Xb-^^i^->r;U««e-tf-, ^^S-OSl^tC 

[00203 2|s:|^BHtct5V^-CS«$rSiJ^i.::S-a{i, ± . 
SiJLT3o<7):fir^fc^W$fL«.. -r^i?^. ru^h^r 

7aj imf^:mt. mm<7)mmi,ztnximLxw^ 
[002 1 3 -r^h-h. :^^m<7^^w^m^<^mm. 
h:tym<r>±(,zm.'fm^^i^i)^h^j:^M^Bi'r^Tm 

t. wiMVyh^ymi^zmti^Mt^ztlz^'o. fiK 

h =5: >£(r>-^ 1^ uts:XM Sr-t-tf t «T'S) S . 

[0 0 22 3 t.fz\t. :if.Wfi<7)^M^mm=t<rm&yi 

mt. w^<r)^m^z^uiM^h:iMiL. MiSGags^rS 
<-<t 3 \.zmi'tw^<ri^^zmmik^MW.i3-t:>^£hm^WL 

[00233 ^CT\ Btrie^^Mt-^x^fi, iag$:^-fi: 

[0024 3 luK^'-^-r ^XS(i. ^^jSfrEn 

Jn^ I. ^ t:: J; 0 d h $r^*S){ i: -ri. . 

[00253 *%H3<7)#^*^^^«, a-fkil?!) 
%^t^ii^hti:h^^<r>m^Wim\^Xts:hnM'^>:.. HU 

<^ftoJStciSft'biX7tl^2<7)«S6i:, S:<i;t, BiIIB««f^ 
<r>m.^\t , 2 0 /X ml^lTT'S) I. ^ t Sri^fc -th . 
[ 0 0 2 6 3 ^J'^, *|^BJc7)iii^«5%7t^a{i, ±ie<7) 

^M^mam^th. Mb^'^n.^fd-z>:.-vi^y'7\i. 

2«O^S§cov^-fiX3?>»i: HulEt-h v-y^tcmS^ix/cM 
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■r3t5rSBIttrfiieiSl<0®miR§-ti-«.^fctJ: 
[00 28] 

Tiiffi^#HSLooiiBfl-ri.. s-^, :^^m(^mi (Tim 

[ 0 0 2 9 ] m {i, 1 c7)^Sfe<7)jf^®{c*^*^ 

[0 0 30] t-t. 01 (a) C^KtTtJ; ate, -9-7 r 
1 1 cr)±l,ZM O C V D ( ^a^SMfflJiS;:!:^ ) 
lei OGaWai 2, AlGaN«13. n^GaNJl 
1 4&J^:lt--?>. S«l 1 hGaNSl 2i:cO 

ralt-fi:. IlI^L^iv-s.y7rJi2riSttT t^v^. ^JfcO 
^^'^(7)S.^<,i^&tL. ^N'-y7T«U1.3'l-<50GaN®l 
2, 1 4at>'A 1 GaNJil 3{±. S^^^I/ZiiSm . 

Ty=t=^T^M-^Lfcmm%izii\,^x 1 0 0 O'C*^ 

(i, 1 1 0 0''Cc7)vajgiEHrt-C«L.7t. 
[00 3 1] A 1 GaNWl 3<0A lffi^(i3 

/5^JI<-ri., Cc7)J;atl:Xaa55rWL/^A 1 GaNii 
1 3{±, f^t-pa!^&J:ac«Ml 1 ^i'JM-t^f^A^iO 

[0 0 3 2] ^d:^Z. HI (b) {Zml^fziiOl^Z. nSG 
aNSl 5&8 0/xmH?^tfO®ff^t=fiit*t^ S^jI-. ^ 

mmmuie^^m-h. ^zx\ nSGawBis^ 

jlif:8 0/xmH«rf^<7)«fft=fi£*-^'2''t*^t-Ji^ MOCV 
DjSJ:'9t.jS,*^iK*^':'^#VvW h'^-f KVPE (Vapo 
r Phase Epitaxy) StrfflV^SCLt^^'M* LV^, — 

^mmmm ecn^m^zmLx^i. mfitnm\.zuoc 

[0033] iXtC, HI (c ) C^LTtiol-. a^l 

Jtf*, ly—fco^-mmm^ i e $:Ttc L-c?&fl i ? i,zv 

i±mmi>zMLxi^M:ihxxmw}^-^^''j:t'<r)y7mt,zi. 
*)m:bimx.?>ztx\ ^mi,zmmi i^rfM-n.-^ 

*<t:'l= I.. Cl^-C. §iJSt«> r ij 7 h3i-7Ji J ^^:i7*> 
A 1 GaNBl 3cOHUf^£0.^®#3£t:*3<'%T^-rS._ 
[00 34] »K1 1 Sri'MtT"^'^, HI (d) IZtjkL 

fzXoiz. pmmiatnmvMi 9i:m!Si-th. $ 



[0035] ^ti, Ifeo^iifilJagP 1 6 ti. 1 
iSrMMLJtf^tcJg^L.TtaV'V -t^i?-^. n^Ga 
NJil 5^^\^ K^-f KVPEtciO^^RtTtf^tc, H 
1(c) tc^L/iiatcS^l iSriiML, '#<^fi.^cn 
SG aNJl 1 5 Sr0r/c=5:»Ki: fC#ii«ii^ 1 5 Sr« 

IEB518. 1 9SrJgfigL-Ct)^v\ 
[0036] *|lifeJ^®tfcv^T . S« 1 1 .Sr^J^t'^ 

GaN12. AlGaNjll3. G aNg 1 4<7)S5^i-2: 
^•tSS81lb:^BtffiHT'S>-g>. 2|s:|l^^ftJg®^:fc»'^■r{i;, A 
1 GaNJil 3&fiKft^.5.B*t:A 1 ( r;l^5 ^-^A ) 
tTt'b-rtS^Sl^ioT^'^ x^' 2 0A*i^^-ri). # . 
ic, ArcOffi^S:3 0%ahfc-rS^i:t'^5 y^'2 0 

•y 2 0 A Sr¥ffi6*ii:m^-t^ i: enmmz^^i,^ 

[0 03 7] CliOia.tCA 1 Ga-NmiSil&^Lfz'ik 

7 -x ^' 2 0 ACOT^tC $>SGaNai2 CO—^tf^f^^W- 

BA^'^-f-g). Z(r)±l,ZnmGa.Nmi4i^-S:-^ht. 
2 iXltlS.^'t- K J; D ^ 7 -y 2 0 A<^±*^'a*^ htl 
X^mitL. ZtiXK)±<7i^-^izlim^ii±tKi:\'\ 
[0038] CLO LXm^^tltz^y y ^ 2 0 A^^Pt 
20BtCj;'9s r.j7 h:;f7Jlj f =^^-^A 1 GaNii 

1 sco^ma. mmmzmmt^j:^^ ^z(,zmtit±^ 

Lti2:oizmili^tt:itX\ y y 2 0 A^&M 

2 0B^#-:>AHtfc tts^i nmm-t^tii^x'^ 

ifmmmm.f.zii\^x . msL\ i<7)ii»§^iw±t 

^^thtzMzit^ ry 7l>:t7;Sj T'S>«.A 1 GaNJl 

i3c7)Aim{i, iQ—3o%<r>mmnt-th:itti< 

li^tv->. ^cnmmxt. 0. 1 ~ 1 A£ mOiellF*] 
i:-r.|.C:i:*ia^ ti^. A 1 ffifiS^iClixJ: 0 tffi< , * 
7t{i:JlJ?*f«<'''i:. 9 v •v9if^S:.VXmsLl K^M. 

[0039] C-:^i^ft?f^l.:^^fc LTfi:, vSflr^rfflv^ 
^a€•s«^^^^fa^^:T-ts«{±ilJfffi^■s.. ±tz. ^yr 

•th^tifX'%h. ttz. mzmm-ti>^o^z, -fyr 

im^L. mimj^'¥^mi^mx'<D^^mz^ o^fjtw^ 
^imm^iiiifm^'txmmthz 
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(0040] ^^tmrn^zini-hm i s . i-^j:h-hmm 

1 1 ^mmt^fzibco r U 7 h:t7« J t LXii. 

1 2t nMGaNSl 4t<?5iafcl nGaNJi2 1 35*^ 
^t'ii^t■V^i>, ClClT, I nGaNJi2 KTtln (-i > 
) <7)ffl^{± 2 0 -t-l) d t iJ^X'^ & . I n 

GaNji2 1 ^t^Xtfcm^. I ncofli^Igl**Sai:# 
i. <?>ill)l«2?&igOtf -y h 2 0 C3!)>m*t<atcjg^$nS . 
ClcOf-/ h 2 OCfi:, I nGaN®2 1 J-Kii-r^^ia 
^5it'S)0. 1 0^— 1 Oa/cm^^fJOSSTJ^fig^ 
^^S^&■^*^'#V^, ClfiOtf-y hlCiO. InGaNS21 

immmzimm^mt^*) . ««i isr^^tcMM^ 
[ 0 0 4 1 ] 1 1 mmi^Hiiz^t^-^ 

itiMZii^ riJ:7h^7JIj rfc^ I nGaNJll 3 
cTJInTOi, 1 0%VXtt-r^^btmtL<. 2 0 
%liLhi:-r-&C:i;*^'§'^Cffl^LV>. ffit. MOCVD 

^v^M[6i*^'S>-?>. ^<r>mmi. 0. i~l/xmc7) 

<, f-y h3!)<^Ji.Lt:««l 1«0 

fiJMj&i^^-C'^r 4 it. InGaNS ix i 

[0042] I nGaN«>'N>f h'VPE&T-t^ 
^yrA^m^l lcO±ClI^GaN« 1 2*-(^>'N-^ K 

[0043] -:6r. *^M?^ffitCi3ttl. >■ U 7 h^7 

JIj i: LTfflv>^c:t*^'T'#l> Mji t/i J: d ^ 

JK*i 1 08/ c m2 l.:JLht-S) 0 . iW?*^' 1 0 n miiLhcO^ 

mw-mx'hmi. ^ u 7 h5j-7« j t Lx^m^^h^L 

mii. -^7r^T««cO±tcii:itiS(tTt^v^. 
[0044] fcSV^ti, ^B^^AtciO y7h;t7JiSr 
l£{t^<Tt, GaNJil 20±tCS i Oz^rifcO^ 
{4sm:Xh5-fr^^^'iOJg«t=^N';5'-->'i?'L. MO 

(n^t,z, ^^k\.zim^£i£X'S i 02Sr-9--f Hx y^ 
[ 0 0 4 5 ] 124 li, Of^iSlL^^:^^* 



FVPEfig:RCJ;-g)nSGaN3>-:?i7 hJf ( S 
i h'-7*, H-ey^iilKl X 1 0>8cm-5) fS>0. 

HI .(c ) tcML-cm^Lfci^lc, -»f7T^TS«± 

tcfiS:! LtcmzmmLxmz^j:mwLt Lxm^^htihi, 

(DX'hh. tti. H4'24«. nSA lo.osGao.szN 
^'5-y K« ( S i H— 7", 1 x 1 O'^ c m-^ Jllf O . 
8//m) , 2 5{iGaN3t^jfeil. 2 6<±^M:^#F 
Ifii (MQW) j&^io^^^SIS;!^. 2 7{iGaN3t«jg 
)i(MgH— 7*, 1 X 1 Oi3cm-3. O. l/zm)T'S) 

[0046] C: ^T-. vS1±iia52 6<7)MQWcO#FJi«i 
3nm/i[cOI no.i5Gao.85Nii*-^>^0. ^<VTmit 
i5§6nm^I n(),02^3"0.98 

7t#^2 7i:coraiC, jlff2nm<^paA Ij. 2oGa 

o.8oN^^"yr«S:qir-rs. 

[0047] $^>IC, ll>t'28{i:pMA 1 o.o8Gao.92 
N;7 7 y FS (Mg F-7\ 5xl0i9cm-3, 0. 8. 
um) . 3 0<ipMGaNr3y;5'^'bii (MgK-r. 
8X 1 Oi9cm-3, O. 5)Lim) -CfcO, S±gP{iMg 
^2X 1 02" cm-sfC'ieiiS-fbLT'^. 2 9{inMln 

Gam^(:,^j:tmmm^m, 3i{iPt/Ti/pt/ 

A u $r C: c7)Jlitc«e L/C P Wmm , 3 2 {i n ffl)^T'35> 

[0048] ll4co^—tf<i, m 1 tcMLTfia:L/>:a 

7^^7e$r^L•C^^-Y F^-f KVPE (H-VPE) 
jitCiOnMGaNill 5SrfeB^Bfi£;:l-ri). ^LX. V 
7 Fjr7ii<0SP^*»4>-'f 7 r r^?:IHJg|-ri) Zbl,z 
X'Oni^tlfznmGa.Nmi SSrS^fc tT«2 4-3 
OSrMOCVD^j: DfSiR^-i.^.ttcJ; OMjt$ix^. 
$>|.v^«, ^yr-(TmL±.^zti\,^x. uyh^yMt: 

-fYLxmi 5-~3 0^^-M:Vfzmz, ^yr^rms.^ 
[0049] ^fz. mMm.^m2 9^m^^fz'}'y'jm& 
fijgs^-f ^ ytCct -i. F ^ X -y^yi/t^m^m^^xm 

m-h^tifX-^^. 'tti:h-h. StXm^aSrfflV^-C 
«8rg$^s^il 2 9 ^fiK:^ U, -?-^7)±tC3 2? FB 3 0 5: 

[0050] ^m^'f^MI'ZXtV.i. •9-7 r T*^5:Sil 
Sf-T'S.C: i: h<r)X\ \^'-'f<D^mif^^-thfzib 
cn>'\%Wi'k^^Er:'m.n^zno z t-ffiX'^ S , 0 . 

[0051 1 tfz. -^-yr^rmmi.izmj&Ltz^c^ 
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[ 0 0 5 2 ] $ <btc, mim?k^mwtiimmii^^<^ 

[0053] ^Ji.{4\ 3|s:|IMJKHS{CJ:tt{i\ U -y i^'^te 
V^Tilig^iiL^c. ^fz. pffl!im^3 1 $-t-hj^>'^' 

t;-?"!? y h Lxmfivtim^. ^m^^lti4 O 5 n mX- 
mi^mmi^4. svx-h-otz. h'-A^isfim 

ibtl.^^, aiS5feHJ:b{±3iM!^fiTl OmWt-Cit 

t-CiSiST'l 0 0 OB#PBim±^^t^K)<^L^c, t-^i^ 

[0054] LA^t . ftij^L/::-^:' r ^ Tmmiwm\ 

i 0 , rXPfic^^-^ V ^^9fj:m.\m^^MW(^:r. h* 
I., 

mm-ti>^ti}<x'^h. m5i^. ii4 1 [si«^S85t:fr?fe 

i., |5||24'l 5{±>'N^ HVPE&tcJ:l.nffiGa 
N3y:J'^? ( S i H-r. 1 x 1 O'^ cm-3) , 3 
4{inSA lo.o8Gao.92N:5'7-y Kii (Si H-^^ 
1X1 Oi8cm-3. 0. 3jum) , 3 5ii^MM=F^P 
ISiS ( M Q W ) vSttJiTS) ^ « ^ ^ T-M QW<0#Fii{S 

l?§6 nmcOI no. ozGao. 08N*^<^>1*^$fLi>. #P 

S(i3«T'S>l), 

[0056] i/i, 36{ipMA lo.o8Gao.92N^7 
•y Kii (Mg H-r, 5Xl0i9cm-3. 0. lu 
m) , 37(ipMGaNrJ>':?^ h« (Mgh'-7\ 8 
xl0i9cm-3, 0. l//m) -C-^bO. S±a5«±MgSr 
2X1 O^Ocm-stt'^lUlK-fbtf^. i^^w^ 3 8{iPt 
/Ti/Pt/AuA^^^Spfflim®. 3 9«niB0m 
4 Otif-'X^'^TU-VC'S)?., 

[0057] pffiSim® 3 8$r3tSM 

imi}^'^mx'$> h. ttz. P fflij t n m<7)mmt: ^ix^-ti 



[0058] :^^mX'lt. mamS.2 . a VT'2 O m 
A<Ol|gS*<#<oiT., 4 5 0 nm<0*fe^^lctjv»T 1 

0.mWi7)^aJ:^*^'f# '^iX''- . 

[ 0 0 5 9 ] <ji:tc, :$i%B^(o^2<7ymm<7)mmi,z'z>\,^x 

mm-t^, :$^tmmizi5\,^Xii. ^f7r^T^i:<0S 

C^*^JnXS: M Ltzmz^-im^^mi^m i X 

[ 0 0 6 0 ] S6Ji, 2|5:?%Hj<7)|g2IIJfi?g®5-SiBfl-r^ 

mmmxh 0,101 ^t^y r a ra«. 1 0 2(is 

P^, 1 0 3{±GaNXt°^'^v-A';Uii, 10 4{i^feH°B 
-ft; tJt G a N S: -eix^'ft^-f . 
[0061 ] *||]|fi?K,®l3tjV^-C{i, i-f, 116 ( a ) 
U^vii 9 tc, r T»E 1 0 1 cOlSffilcmSr 

j^fiic-r , mi?^\z\t .^vrA rms. 101 izm-n^ l 

i|i 2 mTv5^$ 3 >Li m $:«5rffM-^-& . 
[0 06 2] <?:IC, VX^^^^iL, E16 (b) fcS^L 
tiiiO^Z. H7-^ KVPEaSrfflV%TGaNJil 0 
3^xt":5'^i^A';Ht:S-ri.. ^yU-^A (Ga) <7511W 
i: LTti^S^ U -^A. ( N ) (nmmt LXitTy 

(HC 1 ) SrfflV^, fSH^B^:ft^aS5r^9 5 0'Ci:tT8 
B#PBl)S;S-r'l.-i:t-J: 0> *^1 0 OAtmiOGaNJil 0 
3SrXf:J'^v--r;l^fiK:SS-ltS^.t*iT-#l.. ^<7)xl^ 
i 0 . »fi? 1 0 1 (m^co^timis'tL 

X. sPf:i 0 2*-'m$ixs, t/::. z(r)WAz. mmi 

0 1 c7)^Pf: 1 0 20JSffitC{±s ^^^4^<^G a N 1 0 4 

[0063] xtrrJ'df i^-v^w^^iof^^::. ^ia*-c-l^^a 
-ri>t. 06 (c ) ic^i^Lfciatc, xh-:?^v-v;u^ 
:gLfcGaNJll 0 3*^/bS«l 0 l*^iij|§f-r^. Clix 
a. mm.mz. «?1 0 1i:GaN«103i:cO^tC, 
^W^^<r>mi>zX ^mMzm@ LX^yy^ if9tJ^-th 
tz>^Xhht^x.htLh. :ifms5m^zXixl.t. ^WA 
0 2&^tt&-i:fcJ: 0, i<OJ: 5'5r^'^-/^'<O^S: 

(Sji^^i-, w&ioi (^^^K-onwizmm-th ztifi 

X'^h. 

[00 64] ^fz. mmi 0 iSrfJM-r^tcti, xtrr? 

i<x'^^. mtiif. xb'rJ'dj.v-^/u^^^^tcaia^T-j^ 

aiLTSmi 0 l*-'S<Ji§IL^V^Ji-&lC{±, RTA (Rapi 
d Thermal Annealing) <DX 0^:)f^l'ZX 'OMM^, ■ S 
<%im-tZtl,Zi:<0. mmi 0 1 tGaNWl 0 3i:tO 
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[00 65} C:c7)i^tcL-Ci#^>il:^^l¥S*-}l 0 0;um 
<7)G a N® 1 0 3 «oaffl(i 5 7-«-CS> 0 . nS<0«^ 

Tt#^>iXJtJ?$*^ 1 0 0//mC7)GaNJil 0 3S:?gM^K 
gS-fb;?? U A ^JTHi-J 3 5 0 °C tctJ V X -y ^ V^'' L t 
X-y^b° y hJifci-ei 06cm-2:t-:J'"--C-3!) 

:K$-tt7t^^cOGaN«COX.y^b'-y h S&^Jg*^"^*? 1 0« 

[00 66] iJrfc, 116 (d) tS^LTti^t:, ClOj: 
3 1= LT^'bfLTtfg^ClPfi^^JgCOG a Nil 1 0 3 
LT. -?-<7)±mScO«1^^3tl 0 6S:Xb°^'^i^-v/l/ 

[00 67 3 ^*5, 116 ( b ) \,Z7TiLtzXd\,ZJ\-< Yy 
^ HVPE^tCiOGaNSl OSSrfiK^tTtf^lc. 
x-yN^^iStTJ^aiLT i,-^yr^Tms. l 0 l 

atc^A LT U-^com^mm 106S:^:^tTt^ 

\,mmw^mm^i]wth:itiz^^ , ^yr^rmmi 
0 1 ^^Kr>-mm><zmm- h^t a^t- ^ & . 
[0068] :^m:tmmi>z}i\,^x i. . m^vtz^y r 

f!|sc7)x b- =Jf ->A';l^a5:#fifc3X h t^<^-ri) 

[0069] c f , ^^sfem^ccfcv'ify-^ r 'f ra 

«1 0 \<r>mM\,zmiS.-thmmt. I16 (a) i,Z7nL-tz 

xo^j:m\,z\m'&^ixf. ^<r>m<7)^m<nm^<^^<^x 

t^V^, -rtch-h. -?-<7)±m*-rSGaNJil 0 313 

<r>mmi^$i>^z-thfmx'htntB:< . ^mzm^^ix 
[00 70] ttz, ^WR^<r)m^<^m^^zxix{i , ^ 

7 r ^ r*K 10 1 co^ffitcj^^-r ^.Dfl^c^liS: A , 



161*^12*^ 'bilfv!. -r^i?*), C:<Oj:a^^f=^i:-ri.t, 
^7 y^<0^2r§^lCt-P-p, HgpSrGaNJll 0 3 

[.0 07 1] mm. -^mmmi-zx os^itt^^c^s* 
\^-^mm.(^mM(r>-m^m.-tmimmmx'h^. -rtc 
h-h. nmi'Zi5\^x\i. msLbLxm\^hGa.nm\o 

33i>«l6l*»oT±ffl!ltC*$ilTV^|,. |Hl|14'2 0 6{±nM 
^'^ y Hi! (GaN« : K-r. «J54 0 nm, A 

1 GaNJl : S i H-r, 3~5X 1 0>8cm-3, MW- 
40nm, -^WS-O. Sura) . 207{iGaN5eKt 
jis^/l CrvF— 7\ 0. Ixxm) , 2 0 8J5Ino.2 
Gao.8N/GaN-MQWvS14® {TyY-T. #F 
J12nm. mmmAnm. SMM) . 209{iGaN7fe 

wtayjii (ryH-r. 0. i//m) . 2 i ojii^i 

£7)pffiA 1 0. o3Gao.97N:?7v (Mg K— 7\ 1 
X I 0i8cm-3, S i h'— 7\ 1 X 1 0»7cm-3, 0. 
1/zm) , 2 1 UinSA 1 o.osGao.gTNffisSlK^ii 
(SiH— 7\ lXl0>8cm-3, S i K-T". ixl 
0'7cm-3, 0. lAtrn) , 21 2{iSg2<?DpaA 1 
o.o3Gao.97N:?5-y YM (Mg F-7\ 1 X 1 O'Sc 
Si Y~y. 1 X 1 017 c m-3, 0. \ um) , 

2 1 3{ipaGaNriy;7i7 hJlS-^iX-efl^-r, 
[0072] ^im^j:^^mmt LT(4. G a N 

«1 0 3O±tci!'5>y H«2 0 6— «»i[!^^;i2 lit 

L. nm.^^MWMtKm^z:ii -/^y^LX-py -/ Y 

^At> Il2<?5^7-y Ym2 1 2i:3>'^'^' be2 1 3 

S:)3g;*-r'?. . 1/— fcOS^^titl 0 6(7)-acOBSift{i. 
M O C V D a J; 0 ^T d i: *^'-C- § I) . 
[007 3 1 c:o<J:otcL-C^:fiL7t't'x->'Mc0^L 
J^BKL, ^^raLTf--y7Mt,L, b-h-i^>' 
^3OOtc-7'^>-h-r^j:i:<J;0 

ffl!ltCnffl!l«ffi$:WL. TWcpffl!imiiS:*-tS, 
[0074] *^Hgtct 0©jt$^X^v:^«f^|s!%3t«^ 

{4, micr)^yT-iTmi±^zm^^tifz^^m'7-tit 
^tLi, L:f}-i,. m^^Lfzmi mmmm t 

[0075] t/o , ^ •y7°<7)±T:^i^t-fl:»?t?reSt-c: h 
li^X'^^tzibiiZ. m=f-^<r>X^&ti^UMzW^-l,. i'— T 

^?aT'5 OmW«t!)f^^frtCi3V-»T 1 OTl^'km 

[0076] 08{4. 2|s:|l««tCJ; ^Wm^tlh^ 
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h i^yi^ soot iiRiiim(ommizpmmu2 eotn 

[00 77] ^iOrJ'^rcO^^Sr^fig-r-StCti:. 

\, , 't<r>}XI'Z n iSmM 2 5 0 ^-J^fiK-T ^i) J^ctfjcox y 
y^3&«'iMli:'5rS. ■r^*)^), Jits^tcpfflO^a 6 0 
^yN-^'-->'^'L-CJBfi£-r-&. iXl;. pffl!l«li26 0*i 

lCX-yf->'^LTnSGaNBl 0 3Sr^til$-ti-?>. S 

mM&.i'i-iSi 02«sil'J-:7IifejhM2 4 0T'S^. M 
mz. nJHimSi2 5 0SrJ^BS;-ri>, 
[0078] I18(C*L/::P— r^a«7)^-^t:«, 
cr)mM.bm''j:'0^y r ^ Tmm^t.-h i^y^ t vSttii 

[ 0 0 7 9 ] <?:tc, 2ts:^J^llJg®<7)^i^i5lJ^cov^TS^B3t- 

I19i4. 2|s:^BJ<om2|IM?^^O^je«?iJS:«^»EB§ 

(a) tc^LTtJ: otc, tf^T-^raMi oi(o±t:>'^ 

KVPE-iStCiOGaNSl 0 7 1 ^< mcO 

[0 0 80] <Xl>z. 09 (b ) lcS^t/::J;dtc?t^ffM 
X •/ y ;?'&S:ffl V -iT ^J;e. tf lis 2 // mTilS$ 3 /X m ox 

[008 1 ] JW:, 09 (c ) t^^LTtiot;, GaN 

7 Y^^^m-fiZmX L , 1 0 0 /x m«oa/¥c7)G a N 
ei 0 3$:fiS;:g-r-&. C<0[^tC. ^i6fiSi:Rt7tGaNS 
1 0 7 *ixb-:?'^ i/-\';l-^«<50*Sai^ i: =6: 0 . « 1 0 2 

[0082] ^<r>^k. m^t.x"^&t^ c: fctci 0 . 0 
9(d) tc^L/^idtc. ^f7T^ra«l 0 1 SriiJM 
■t-i.C:i:*-'T'#'g., -ICOf^s ft^^iXT^rGaNJll 0 3i: 
1 0 7<7)aa#c^Sf/c^*Ki: LTMOC VD^atcSI 

[0083] GaN/il OSSrfiK^f^tC-^-T'r'f 

TS^l 0 l*iiiiJSit^rv^J®-^l::{4. '>x->'N$:-e<^t 
tMOCVD^tcSIAU, H^^<7)^^<tjtS:Jg«LT*» 
f> . »6^S> ■2. V -^JSiS^a^^rft #2: Jd x.hZt<.zi:-oXm 
:>3^6n*DL, •9-:7r^rS«l 0 l$-aiJMLTij^v\ 

[00 84] *fl:#:0lJtCtJV^Tt>« 06— 08tcMLT 

mm Ltzm^ <7m^t:nmz%h z t t^x-^ «. .- $ 4> 

^if)Ga.Nmi0 7i^^-rhZbi,zJ:'o. ^<r>±(DG 

&Nmio3<r>^^ij(mM,b^'o. mio2^^^tx 



( 0 0 8 5 ] ^mwmm<^^2<D^mi'Z'o\,^x 
mm-th, 01 Qii:. ^wR(nm2^mm(r)^2^ 

W$:*-r«f^XS8lrffl0T'fc^. 2|s^R(!|cfi?iJtcfcv^-C{4, 
*-r, 010 (a) t.z9r-Lfzi.o\.z, ^yr^TW&l 

0 lcO±t;«l 0 2$:J^«-r.S.. A*Mt:<4. -9-7 T-f 

2 0 AC m(^^^^4 0 A£ m^llT-J^fig-ri. . 
[0086] <J:tC. 010 ( b ) iZTfzLtzl 0 \,zm<^^ 

mz-^x^^mxos-^vmth, mf4rt*)tc{4, ?ii o 2 

lJi^t-c7)gi?^^tz;H^KL^V'>-7X^S:?^fi£L, S i Oz^i: 
SrttmUTVX^J'Sl 0 8i:-r-l.. dO^^, 

1 0 8i:^-g>S i Oi(nm^\±^yr^T(om<r>m-^X' 

hh2Q um\:;XTX'htHt'^< . mtliilumb^hZ. 

bt^X'^^. 

[0087 ] <J:tC. 09 (c ) {,Z5fiVfziiOl,Z^ GaN 
®1 0 31:^:^-^1.. ^Wmzli. '^xWNSrt d-JK 
^N-^ F^-^ Ffig*^ai::^AL, *t>l 0 0 m mCOJiJl<:0 

GaN/ii 0 3S:^;^-r-i.. mi 0 2<^m^ 

tc^i6vX:?Sl 0 8S:^tt?t.ri:lCiO. GaNWP 
cO« 1 0 2 <7)ig§P{4 , V- y i?'^ t'fc J: -I. JaX<?5pic7) 

0±trfig:l-rS G a Nc7)S««ftSr?l#S::-tC: i: 

0> :i(r>fzMz. mio 2A^"GaNai 0 StciO 3 1 

< am-f « ^<7^i.\,zfS.m-hn=Fmm^<ri^^^^'i'^ 
[0088] ^^mi>zi5\^xit. mi 02 <r>mmi,z s 

i 02^i:-c7)-7Xi7Jil 0 8S:ig(tl.C:fct=i:0, Ga 

[0089] :^^mi,Zj: 0 , 1 0 0 ;um<7)®Jf 

coGa.l^mi0 3ifS.-M:LfzbZ^. ■^<D»miS.y- 

F) ^i:<^SS:-57t^H>'^'^'— >'^4^^>^^=5:*»-^f^. t 
fc, GaNJil 0 3SrBS::RL?t'>x-^N5r^N^ h'^-< F 
B^ftiiaSrlXOaJt/ch^^. {5i;^i:'<7)'>x-v^{4^f 
7 r r««*»'?>*iM LX V -"^c . |IJM L^:*»o ^c'^ X - 

T-fraiKi 0 immvfz. 

[009 0] ^i^l;, itibiX/vlGaNSl 0 3<?)±t0 

mz-:>\,^xm^iommm^n^\ st/GaN®io3$r 
^^Lftibz^. mzne^ixfzG3iNmio3bmm<r> 

mShn<Ol^^Bi}'m^tlfz. 
[009 1 ] ZCDXol'Z, ^^mmizJ:':>Xh, 

^^•rhGa.Nm^'i%^zbi}^x'^?>. tfz. mimih 
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h rj^-f y t m'tx mm-t ^■^t t^x- ^ h . 

( 0 0 9 2 ] ixt::. :^%m<r>m3cr>mncommi'Z'o\,'>x 

m^xnm^mx'h^. lai 2{i. :^mtmmiz 
X ^mm^tL^ u—f^mco-mi^-tm^Mmmx'h 

mm^<7)Vf-^4 0 2lipmVM. 4 0 3«pMGa 
Nay:?:? h« (Mg H-7\ 3 — 5 X 1 O'^ c m'^ , 
0. 0 1;um) „ 404{±lll<?)A 1 GaN^7 / HJl 
(MgH— 7*, 3~5X 1 0'« 0. 7/xm), 

4 0 stiA 1 G a Nmmmmm ( s i n-r. 3-5 x 

10i8cm-3. 0. 2Mm) . 406mi2cOAlGa 
Ni^^ y KJl (MgF-r, 3~5X 1 0»8cm-3. 
O. ljum) , 4 07{iA 1 GaN^-A-^D-RSih 
ii, 4 0 8(i:GaN;<^-< F« (T>-F-7\ 0. 1// 
m) , 4 0 9«iMQW ( I no. aGao.sN/I no.osG 
ao.97N, 3^M)vgttS. 4 10{iGaN;^-f Hii 
( S i K— 5 X 1 0 ' 8 c m-3 , 0 . 1 x/ m ) , . 4 
1 mnSA 1 GaNi?5 x HS ( S i h'-7\ 3 — 5 
xlO'«cm-3, 0. 8Atm) . 41 2«inSGaNr? 

hJi ( S i F-7\ 3 — 5x1 0'^ cm-s, 0. 
0 iMm) , 4 1 3{i:GaU -yf-nSGaNJl (S i F 
— 3 — 5X 10'8cm-3. 0. 01//m),414 
{infflimSST-fc?.. *3t. PISA'S OOtit-Fi'V^' 

X'hh. 

[00 9 3] zcoxo^j:u-'fm=FU. ^yr^rmm 

:hZtil'X't^, -t^hh^ HI 1 (a) IZmLfzX'i 

tc, MocvD-^iciO-^^T^ra^i 0 ico±tcs 

^«jta54 0 1 Sr^ft^l.. 
[0 0 94] m#:e<JtC{i> t-f, GaN«4 1 2*><?>A 

1 G a Ntt8£®e3g« 4 0 5 * T'S: 7 r 'f T 
Sfi^l 0 l£0±tClig:a-rS. ClOf^, MOCVD^a«0 

-BI,Z-7Xi^im^L9 y y ]<m4 0 6i3miii-thtX' 

iitz^k. M^^i'n^^^y-y Ym40Ak.o>99 FJi 
4 0 3 t:^^-t^ . 

[00 9 5] mz. mi (b) (c^tJ'ciatc, 
r A TS« 1 0 1 (n^wm- h v-^%^m^h . -r 

^t. GaNJi4 1 2ifim,^(,ZX0^m^tl, ^'J^J^ 

(Ga) bmm (N) izm-tix^mtf'Mi^L. m i 
( c ) tc^u^ J: 0 fiz^y T ^ rmsL i o i imm-th 

Ztti<X'th. 

{ 0 0 9 6 ] ^ ^ X-mm-h U-^^t LXli. -9-7 T 
tcti, mi.l:£S.m\y—ft:m\'^i>ZttfiX'^h. tfz. 



i^^Bi)^0'^^BX'$)'yfzK>. I nGaNCOXoKcl n 
(^y-J^M.) ^'ktsmX'S)hnk'^l,Zit. 1 MW/c m 

[0 09 7] Z (7) X 0 1-ZLX -^y r-^rmm.! 0 1 
mth)^. GaNa4 1 2cOtlJMffitCfcl'^-CGaN*S;<f 

^tTGa U ■y^GaNjl4 1 3t^m^^fti>o 

[0 0 98] zcoXoizLx^yr-frmmi onm 
mttzm^FmmA o i <^±Tic«ffi4 02, AiA^m 

^L, 'v^^LT^-yr-fk-r-?.. GaU'yf-GaNS4 
1 3i7)±t;nll!l«ffi4 1 4 2rJ^^-ri>^t«i, mMbG 
aN®4 1 3 i:*>'-^^-(LL^-r< , JfM^Srts^J: 0 
t /Jn§ < -f C: i: # I. i: V ^ d ^> ix5 . 

[ 0 0 9 9 ] -?-Of*. plB!lfl:®4 0 2$:t-F>'>':? 5 
0 0tci^-^$-tir4. p{iim®i:^at-Fi/>':7S:*g-^ 
•tSf^yjtcJJ, ■mM^^X'^ti^tx.(rmm^:^^'^T)V 
a'vtj:}£cr>y'yX-7i,zi.^m^-thZbifm^ Lv^, C 
<7)%^tc{i, t-hi^Vi7<7)*ffiJi:, ^1 (Cu) , Tyl-, 
SJi-^A ( A 1 ) t.tz\,t^<r>^'^-tfii}^<^^^\,zX'0^- 

^Ayy^fix\'^hzh.ifm.t.\^\^. Z(r)XoizL,xi^ 

■^■tix^f. 'm^m\^X\^fzXdt£ I n yi/'-^A) ^ 
;!/ y -^A ( G a ) $)^V^{±-r-r ( S n ) , ( P b ) ^ 

[0100] z<r>ii o Lxmm.Lfz)y-^m.m.^m^^ 

"^fztZb. U#V>ffl7 OmATS^a-C^^SSLJt. 

tfz. %m^^iiA 1 0 nmX'$y 0 . Wi^nSitS . 1 

VX-h-ifz, ^hf<z^ ^yr^T^i-frthZt^j:< 
}z-hi^y'7i,z-7^yh-t!i>^itiziy). u—^<r>tm 

!NH4{ita»^^*><7>t-ib^'^5fgl6]±L7t. ttz. 
l^®Ktt**^'«< , t^z. l«Rl^rj-F$rML/::%^tc 

[01011 t.fz. ^yr^rW^izm^Lfzm^ 

[01021$ ty\iz. m.\mWi^wt\imm.mL(r> 
mzxhm.^ifi±t-^n=f-<7im^-h^)^i.-f^. t.fz, ^ 

yrA rmWit G a N#ffiT'^ tf v^/v:7tSSt**=5:v»;t 

[0103] tfz, ^mtmmi>z}5^^x . mmL-fz-^ 

mizi&mt^zthx'ti>. 
[01041 ^mi. ro-fe;?.'f <oi5^v><?>^$-^^ 
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Jl;2>. (xtm) 10 20 30 

105 105 6X104 
fg^B 105 105 105 

m=?-C 105 105 4xl0« 

V^i.M'fbt)Jl*^'GaNT$)-l.l. — -!fS^-C'$>0, 
{4. t-hi^y^'fc^LTV^SM-fbii^sJiA^A l GaN 
{Aim(±5%) , S^C{i:, t-hv-yi?(ctiLT 
V^SM'fWijSAM nGaN ( I nffi^til 0%) <7)U— 

[0 1 07] ^^T, ^yr-^rms.^mmL.x'i%hti 
L*-L, j'syY')yytfi^^X'ti:^^m^i,zi,i. -^y 

S^^OGaN«i;^#^:6'[6]*»'Wt-^?>J;ot:i|i5 

mm'km^-th^<r>^^M^n^i'zno ^ i:**-r'# S . 

ClOj; a^SMi; LTJi, Si, S i C, GaAs . I 
nP, GaP, GaN^t"SrfflVi|)C:i:A^'-C-&-S.. Cl^O 

[0 1 08] iJCtC, 2|s:||^i0^ffi£7)^2com^^i?lJ^;oV^T 

m?n-th. 01 3(4, ^mmmm<r>m2(DM,^m^:m- 
1 Qi<r>±.t.z^^mmt:m^i'tz^^m-t. piscm 

LXM. mi 2i,zr)\^Xm^LtzW>'9i-tn—<^^^^z 
C 0 1 0 9 ] HI 3 \,z^^LfzM:Wm^zii\^Xii. ^^B^ 

■fh, ^W-mz[i, Hf:7T'f TSMl 0 l<7)±lcGaN 
®50 2$rJ«:gU. fig^R^ck OIXOaiLTGaNjlSO 
2<0-aJ$:S 3 J: a S i Oj® 5 0 3 

■r-l.. '^•'^flfe. Sl/^MOCVDSiafcSIAL. S i O2 



[01051 2|s^BJ#(4, Cl^O J; a 'Sr^^«0i?Ai:*#'t4 

{.zi^rnhfitzn^msn im^) t<rmmm-i:i<^x' 

50 70 

9X103 6x103 
8X10« 6X10* 
6X103 4X10* 

85 0 S cnmmzmtii-t^ G a N a 5 O 2 ^^^a^M:CO 
LTffil*i:Srie]t3GaNS:^;^$-y:-l)7-r^;l^^*lc 

iO. GaN®5 04S:fig«-rS. 
[ 0 1 1 0 ] nfflai^^:? hJi4 1 2*^^>PM 

rj>'^:J'ha4 0 3*-C'C7)#«Sr^*-t«., t*».|>f^ 
tc, -9-7 T ra« 1 0 1 C0«ffiffll*»<o l^— TTfetriSI* 
LXa^l 0 1 SrflJ^L, GaNJi5 0 4, S i O2S 
503, GaN®504$rK5-^x-y^>'^tCj;0K$*, 
LT3y^:7h«4 1 2$:StBS-e.|.. ^i^tC mfiiS: 

[0111] 3|s:^J^Ml::ia{S\ ■'f^r-^T*^! 0 1 
<7)±l,zm.it^^^^iif^i0m Sr X b" ^' ^ -v /HSft-T l> 

[ 0 1 1 2 ] /^(C; *^liSm^«0^3c7)B^«sfi«JtCOV^T 

mm-ri>. iai4{4. *iis6?^®coig3<7)fl:WJS:^^ 
«{BiBff®iifS>i.<> -t^^*-. mmii. ^yr-irmm 

1 0 l<7)jitc^^:^jtSr?gfiKt^>:m^^«-r. t-f. ^ 
yr^rmmi O l<?)±tcGaN;i6 0 lSr^:ftL. ^ 
:R^g*^^:.'>x-/N5r3X0ajL, — gB^SrSttS i 0 
2M6 0 2-f^®^^3 . ^cOf*, St>'^«Sr=ff a . -f 
^^*>, GaN^-^y7TS603, InGaNJfeO 
4. nSGaN«60 5. n^GaN/A 1 GaNSIS 
=f-^y"/ YM (GaN® : TVY—y. 40 nm, A 1 
GaNJi : Si 3~5X 1 0'8cm-3, 40n 

-kHm-O. Sum) 6 0 6, Ga^^^M^^l^m 

{TyY — y, O. lum) 607, Ino.2Gao.8N 
/GaN-MQWvS'tiii (TVF-r, #Fil2nm, 
|5tiiJI4nm, 3mm 608, GaN^tRBta*^* 

(T>h'— 0. 1 /zm) 60 9, ISl«!OpffiA 1 
0.03Ga(,.97N^7 9-y Fil (Mg F-^', 1 X 1 O'^c 
m-3, S i Y—y\ 1X1 Oi7cm-3, 0. l/xm).6 

10, nMA lo.o3Gao.97N€»£!K«^ii (S i F- 
7', lXlO'8cm-3, S i F— 7°, IXlO'^c 
tn-3, 0. l)um) 6 1 1 ^rClc^llilC^*-^^. 

[0113] -e-cof^;^S*^^'^x--'N$:|X'?l±JL, € 

0:?7 /HB6 1 0S:!SfiJ$-a:. $ ^>CII2<7)pSA 1 
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o.o3Gao.97N^7-y FJl (MgK-r, 1 x 1 0>8c 
Si lxl0'''cm-3, 0. l//m) 6 

12, nS!GaN3>'^'^ h«6 1 3Sr«ft-f I). CIO 

[0114] ClcTDf*. -^7 T ^ rfi« 101 c7)Sffi*»f> 
U'-ifjtSrBlWLrS^l 0 iSriiJiSm.. .1^T\ 1^ 
— i:L.T. GaN^^S^L■C fi jSBJ-C' In G a 

GaNJi6 0 4t:l/— !f3t$r®JR$-t±T«#lC<j;'5 I n 
GaN*^":Ji-»$ix, ^Vt^TW^X 0 li:i:tl=:Ga 
NJieOl. S i 02ffi6 0 2t3j;t/GaN>'s'y7rJi 
6 0 3 ^MiSI-r-S C: h . 
[0115] InGaNS604<7)In (.^V-J-^M.) 
fflBgik**2 0%SJt«0i©^fc{i, 1^— r3e<^jS:^{i4 0 

[0116]C<7)j;o tcLTSiJMLi^cf^, S^-cOMBt 

0 0<7)±lc-7'^i/b-r-i>C:i:tcJ; 0, 
H 1 5 ic^Lfc J: 0 ts:^M\k.\y-'fWm.ti--^^-fh , 
[01 17] 4/::, iai6{±, t-hi^y:?50 0i:R 

*-r«lB&BTfflll"C$>-S.. :L<ri\y-fmFtio . BUKBLTtt 

Wr>WMis^hV—f%^'^^'th i: i 0 S'JSt 

im-co^^^n Lxmm^mmn'M^-rh , 
[0118] :^mmizn\^x h.-^yr-^ rmm.^ 

1 mtmw^w. 2 mmmmt mm<^^iwi - 

^(>i,z. :^mtmm^zt5\,^xii. ^yr^rmm 
^mmLxnii>ixi>m^<r>m^^ 20 n mmTt-rsc: 
bizx^. wi^Ltzx 0 izm^^ism-r^ztifix^ 

[0 1 19] *^BJ{3j:'5#^>tLl.X^'-y^ (a 
[0 1 2 0] HI 7 :^%mzXK>nhtlhX^^ -yi^ 

mu—^<omfS.i:m^^^i>m^mxh^, * 

^B^ff)X:$^-/i^mu—f7 00ii.. r#^70lSr 

OlcoSlcti. b-hj/y^'7 0 2*^'iStt^iX. 
LTi^aS'ItW-ri), ^Jt, — ffitciE«SIBlomii7 1 0 

ifimiirhti, mmznmm<7)mm 720 *-'iS(t ^^ixs . 
rsi^7 0 1 li. m^^Lfzm 1 jbM^3^ts?g®t 

i O^it-f ■§> i: , ■^tl-¥ttm'=F<7^±TI,Z p fflja 

iiA{i, ±Tc7)l:fiB7 1 0, 7 2 0$::f>tT4Ta. 
[0 12 1] C<7)J:^^:;^:?-y:7MW— riciOiS^iiJ 
^m%htli>, 01 7tt5V>T{i. 5ff 5?IJICU— 
^7 0 iSrRlit^cl'— rS-fi?iJS^L^v:*«, ^^<OfliSc« 



MfflT'tiv^. ^m^^zXixii. ifi<b«0l/-ifS^7 

0 1 \,z\i-^yr^rmm^ts:y'^<^xwmm.tfiMtxt^ 

^{.zai/f^^h^^x-Sf y^mi^-^tl^'^hlxh. ^ixnz 

[0122] 2|s:5iBfltc j:ix{i\ ^t^^i^ttJ:^I■r't'-Axdt 

•y h*^'/jN$ V^J: i: i: , ^i^U-^'<^x.l,zm^:^mti<X' 
^hzt Sr*iJffl:r-S. C J; 0 i^-if ^ :5'<03fe 

[0123] 2|5:^HJ^<7)ll®^i7)Sg|a, H l 7 C7)lx— f'iC 

1 5 0mA, IBiJjmsSl OAt::fcV^Tai:'3 9 0Wcr)|^ 

■f'm^ 7 0 1 oM-^li^ 20m mSjK^<7)-c\ 5 SMiaJ^c 
^-^tcti, b-h>'>'^'7 0 2<7)JP$SrJD;tTt, ^f* 

[0124] m.^(ry%^-hx^ -y 9m.V-'f^zii\^X , 

■fhm=?-^z^x.h^mm>^xA^'^-h^'>fz. 

[0125] ^ix{znLX. 3|s:^BJtciix{i\ m^(D\^ 
—f^^l 0 l£73Jf;^$:2 0//m^i:-f.?>C:i:t-J:-5 

T^3tA*^ifi«L, mmzm^-thv-^m=F-t^h<r>% 
-if*^^7 0 iti, m^-t^m^<7i^'\mti^h(Dmzx 

[0 126] [211 8{i, *3%BfltCil.X^'-/^Sl/— r 
coSi^fiajSr^-TJIfcfell-C*)!., ■r=5:i5*>. |llll(7)x^'-y 
^^V,_-*ft-tjV>T{i. b-hi^y^'7 04fctr;J^-< 
m85aA<OJt*^<^««i7 0 3Sr^' 
>'H?S^7 0 4cr)±{:>'N'^'-->-i5''t-CJgfiK-r^ 
J: 0 . 1^— 9-'*^ 7 0 1 0^tL-e'ixSrflaS"Jl;$W 

•ri'^Lbifi'^^x'hh, 

[0 127] ^tz. -?-fim^7)«^7 0 10l;®i:b- 
h lyV-p 7 0 4(7)±^0«®i: 

DMiat^-^-ri.cfct^io, ^Lti^x-m^^x^^tz^o 

[0 1281 ^fz. ^—hi^y^ 7 0 4<0±T*»^)ffi:*J 

^Sco■r-Li'V^(Ioffi^l^*i|li^•^>. |5lB#tcl&«tt35*fi< 
[0129] 2|s:i^BH(?);:^^' x ^'MU— tfS:!^— ^■'T'nv'- 
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tcfSffl L-/::i:-^i000'< V'f(n>±^mmx:h 

ffl^,^■CV^/v:<Ofl 5 0 0kg tS>-5^o7°Oi^i^':J'ilS 
iTjMS: 5 0kg ic^^-r •& d i: Jt . 
[ 0 1 3 0 ] ljUi. :RWJ5:#HSL-P-52|s|%Hjco^S££7) 

mxM. 7.\Z^-)V^ MgO, ScAlMgO,, LaS 
rGaO,, (LaSr) ( A 1 T a ) Os^ifcO^g^ 
SK-^, SiC. Si. Ge. G a A s ^i:'<7)«lt14S 

•c# . s c a i m g O4s^co*s-&tc«i, 

(0001) (LaSr) (AlTa)03S^O 
i^tCti (111) aS-fflV%^C:i:*^fflt 
[0132] t?"^. :g-mft:Wt:l3V-.T^L;^v;^7t^^(0 

[0133] $ i^>lC, 2|s:|fi&H3«^«sl/— !f tcPfi^$ix 
[0 134] 

[0 135] t-r. ^m^izxtm. ^yr-trmm^: 

[0 1 36] ^/c, *|^B«tJ:fi.{f. iJ-^T'fT*^?: 

*iJM-r C: i: l-i 0 . L-— r<7)iS®$rJB«-ri.^>:*^^^ 

[ 0 1 3 7 ] i-t , -^7 r ^ ram±tcJg^ t7tta!*<0 
^-r^JB^L. |i|t^ffl*»^>pffi!li:nli(!0« 
@Srt-5TV%/;;*^ ztitaMLX:^W^mizj:tHi 

[0 1 38] $<bfc. M-ftife^^i^sttigiyaJsniSctT) 



7 r r i: G a N -^ffl-C^ b T V ^^^^r^tKM 

[-0 1.3 9] L*-t, 3ts:^H3{cj:ix(f, |iMt7t:^f7r 
^ Ti«{i*Ki<Mt; i -5 T t {J i: - ^^SrStt 

:5:V^<0T, ^ix^S^iJffl LXi!i:<om^^^izm^^i> Z t 

^(!|sc7)x b° ^' -v Sr 3 X h t ^ < 
[0140] t^v: J: o tc. itttf, 1? 

^mr^^mmt^^-th^w^t^m^-^^^y^ vx- 

[llH(^fSm'5riJiBai 

[HI ] ^^HHcOlll c7)IIJScOBflSi:*^*^'&^#:^ 
[02] HliOGaN 1 2, AlGaNJ113, GaN 
[03] r y 7 h:t7iij i: tr I nGaN2:ffiV^/^:®, 

[04 ] m 1 ^sie^^tci 'oimLfz^wv—^'^m 

TTi-t^'msmmmx-h^. 

[05] 04h|5l«^SSjt:^&l^ct'?#i^L/il6^^^ 

^- \<{:m-timmmmx'h&. 

X'hh. 

[07 ] m2mtmmi>zi: osjs t/^^f^i-— f'wit 

[08] m2mtmmizj:K>WM^tihV'-^'m^<r>m 
cDM:m\i0.-timmmmx'hh , 
[09] *^Bjc7)^ 2 niftj^fficoig 1 s-^-r«tBS 

XSBJr®0T'$>^. 

[010] ^^m(^m2mtmm<Dm2^m^m-tm 
^xummmx'hh. 

[011] ^^^mw.3<^M<nmm^^-f^ujiWS\ 

mmxhh. 

[012] ^3|ltfeJ^.WCct 0$!i3S$ixS^-1^«^<^ 

[013] ^3^imM<^w.2<r>mwm^^-twmm 

mx'hh. 

[014] m3mmm<^w.3<r)M:Wmi^-tm!smm 
mx'hh. 

[015] »3^)}6?g®fcJ:-&^^f*:^— f^aSrtfe-^" 
1ltB&Biffi0T'fcS. 

[016] t— h>'>':^5 0 0i:RM(Hl<O^ffit-*3V'>T 
pffll««Si: nfflimiE2:®«L/c0iJS:«-nflB&Bin0-C-*> 

[017] :^^BMl,zX<onhiX&^^ v!'MU—f(Om 

&i:mrri>mtmx'h?>. 
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12 GaWa 

13 AlGaN/i 

14 GaNIi 

15 GaNil 

16 mmmm 

1 7 i&M 

1 8 pmnM 

1 9 nfurn® 

2 0 A ^ 5 y 

2 OB ggp^: 

2 0C tr^yb 
21 InGaNS 

2 4 nMA 1 0. osGao.gaN^^^^y YM 
2 5 Ga,N^m'&m 

2 7 GaN3fe®^ 

2 8 pSA 1 0. 08^3-0.92 9 'y Kif 

2 9 nM I n G a N*^^>^SmgfL?3^^il 
30 pSGaNrJVr^^^ hJi 

3 1 p{ftiJ«ffi 
3 2 nmWM 

3 4 n^A lo.oeGao.ggN^^v 
3 5 #F1iit ( M Q W ) vStt Jl 

3 6 pSA lo.o8Gao.92N^^vK;i 

37 pSGaNny^J^^ hii 

3 8 pfflimfig 

3 9 nfiljm® 

4 0 ^•yr^'^'.y^ 
101 i^:7r^r«« 

102 

103 GaNXt'^^S/A-^Wii 

104 ^^S^BitLfzGeiN 

106 m^lSit 

107 GaN/i 

108 ^xi^m 

2 06 nM^^yF® 

207 GaN3tffltj2^« 

2 08 I no.zGao.sN/GaN-MQWvSttJi 

20 9 Ga,NytmtQ^^m 

2 10 lll«7)paA lo.o3Gao.97N:75'y Hi! 



211 nMA 1 0. 03 G ao. 97 

2 12 |g2(J0pSA lo.o3Gao.97N:?^5 'y 

213 pSGaNny^'^ hJi 

24 p ^mm 

250 nffiUm® 

260 pfi!l«^ 

300 ■ t-hv-y^^ 
40 1 

402 pmVM 

403 pSGaNny^^^ h/i 

404 ^lOA 1 GaN^^-y KJI 
4 0 5 . A 1 G a NM^M^M 

4 0 6 IS 2 cr>A 1 G a N ^ -y F/I 

407 A 1 GaN:t-^^'-:7 0-|5fiJLhS 

4 08 GaN;?^*^K/i 

409 MQWai4/i 

410 GaN;if>fKii 

411 nSA 1 GaN^^v Kil 

412 nMGaN^y^J^^ 

413 GaU 'yf-nSGaNii 

4 14 nmmM 

500 \z — hi^y^ 

601 GaNil 

602 SiOgM 

60 3 Ga-N^-^^yrM 

6 04 I nGaN® 

605 nSGaNii 

606 nSGaN^'^^y Fii 
60 7 GaN^«ta*^/i 

6 08 vSliS 

60 9 GaN5KEBta^/l 

6 10 miCOp^A 1 0. o3Gao.97N^^^y KJl 

6 1 1 nSA 1 o.o3Gao.97N«J)S©^^il 

6 12 ^2cDpSA Iq, o3Gao.97N^^ V 
613 nSGaNny^^i^ 

700 Xiy-y^miy-^ 

7 0 1 U-ifB?- 
702 t-h^>^^ 
70 3 ««g 

704 b — FS/y^ 

7 10 mm 

72 0 mffi 
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